Two types of beam profile monitors1 are in use at LAMPF to measure the properties of the 800 MeV, 500 1A proton beam external to the linac. Both types use secondary electron emission from a wire to produce a current signal proportional to the amount of proton beam that intercepts the wire. The wire scanner system uses a pair of orthogonal wires which are passed through the beam and the harp system uses two fixed planes of parallel wires. Most of the harps are not retractable and are exposed continuously to the primary beam. The high beam intensities available lead to a number of technical problems for instruments that intercept the beam or are close to primary beam targets. The thermal, electrical, radiation-damage, and material selection problems encountered, and some solutions which have been implemented are discussed.
Introduction
The high intensities of the 800 MeV proton beam at LAMPF impose several restrictions on any device used to monitor the beam profiles. To hold beam loss to acceptable levels, the multiple scattering must be small. The device must exist in the beam where average current densities are as high as 10 mA/cm2. The high energy density deposited by the beam implies that the device must operate in vacuum, must not be distorted by thermal expansion, must not melt, and must be strong enough to withstand shock waves due to sudden vacuum failures. Since cooling must be by radiation, the emissivity should be high. If the secondary emission process is to provide the signal, then thermionic emission must be a small fraction of the secondary emission current. In addition, the device should be capable of operation for periods of several years in an environment where the radiation dose is 18-109 rads/year. Since some of these devices must be located under many tons of shielding and are not easily accessible, high reliability is also an important consideration.
Wire Scanners Design A wire scanner ( Fig. 1) consists of an actuator that moves two mutually perpendicular signal wires through the proton beam in a controlled way. The secondary emission current from the wires is measured as a function of position of the wires. This signal is analyzed to provide centroid and shape information about the proton beam.
The signal wires are 0.004 in diam silicon carbide filaments2 that are spring mounted to compensate thermal and radiation-induced expansion. To each side of each signal wire, is attached a clearing field electrode that is at a positive potential to ensure complete removal of all secondary emitted electrons (Fig. 2) .
The signal wire assembly is moved along a line 450 from the horizontal so both horizontal and vertical profile data are obtained at the same time. The driving force is supplied by a stepper motor and the vacuum seal is an AM350 bellows. The electrical leads and vacuum feedthroughs are mineral (MgO) insulated coaxial cables so all components within 60 cm of the proton beam are quite radiation resistant. The actuator drives the signal wires at 4.8 mm/s along the x and y axes when it is operated at its maximum speed. 
Operation
The secondary emission current is about 2% of the proton beam current that intercepts the signal wire. This current is integrated and digitized for each proton beam macropulse. The computer-controlled data-acquisition system has the capability of subtracting a constant level of background and of averaging several measurements. wires passed through the beam. Since the actuator stroke is 3 cm, the time required to obtain the data for these profiles is about 6 s.
Conclusions
The silicon carbide wires have allowed use of these devices at beam currents above 360 i.A average. The long radiation and nuclear interaction lengths of SiC produce negligible scattered beam (<100 nA), the low density keeps the heating to tolerable levels and SiC is thermally stable to u2700°C. The filaments we use have a very thin coating of carbon on the surface so the emissivity is about 0.8 allowing efficient radiative cooling. Still, at currents above 500 p1A average, the thermionic emission currents become a problem for small beam sizes. If we can develop reliable 0.001-0.002 in wires and mountings, we can probably push the use of the wire scanners to 1 mA average current.
These devices operate ina vacuum of 10 7 torr so there is no problem with collection of ions from beam-gas collisions.
The electronics3 used for integration and amplification provide excellent signals for average beam currents as low as 0.1-1 viA.
Data-acquisition time is acceptable and up to six wire scanners can run simultaneously producing data for 12 profiles in about 6 s. The overhead for transmitting this data between computers and displaying it is considerably greater and could profitably be reduced.
The use of ceramic insulators, mineral-insulated cables and feedthroughs, and bellows and Al 0-ring vacuum seals has produced an acceptably radiation-hardened device. Maintenance is minimal and consists primarily of radiation-resistant oil lubrication of the moving parts and occasional replacement of worn parts. The only SiC signal-wire failure in 'u2 years was due to melting of the solder connection to the actuator by an ion pump discharge in an abnormally high pressure vacuum.
Harps Design
The harps (Fig. 4) consist of two orthogonal planes of signal wires and three planes of clearing field wires at a potential of 57 V. The signal wires are attached to alumina ceramic substrates via silver-based printed circuit inks. The ceramic boards and the clearing field planes are mounted on a central stainless steel frame. This assembly hangs from a vacuum-sealing lid that contains the electrical feedthrough for each signal wire. A pair of p.c. edge connectors is mounted on the atmospheric-pressure side of the lid.
The potentials developed on the signal wires range up to 5 V for our readout system. This potential tends to inhibit secondary emission in a nonlinear way4 for the various parts of the profile. A potential of 0.5-V produces a 40% reduction in secondary emission current if the clearing field is not present.
Both carbon and silicon carbide filaments have been used as wires. The carbon filaments are easily prestressed and soldered to the printed lands but suffer from low strength since the maximum diameter commercially available is 0.002 in. We are presently using 0.004 in diam silicon carbide filaments with a tensile strength of %4 X 105 psi. The wire is mounted by crimping a copper adapter to each end of the wire and using a spring to maintain 1-2 X 105 dynes of tension while absorbing elongations up to 0.1 in. Figures 2 
